Introduction {#s1}
============

The first reports of clinical porphyria appeared in the 1870\'s, describing patients who excreted porphyrin-like chemicals and had symptoms ranging from abdominal pain to photosensitivity. Some had disfiguring photocutanous damage with loss of tissue from the ears, eyelids and fingers, in association with very high urine porphyrins. One patient was hired as a laboratory assistant for Hans Fischer, a German physician and chemist, and provided urine from which the chemical structure of uroporphyrin was deduced. Fischer then synthesized the compound *de novo*. In the process he established the structures of bilirubin and heme, respectively, work for which he received the Nobel Prize in Chemistry in 1930. Studies of heme synthesis in living organisms followed, starting in the 1940s, facilitated by the advent of isotopic tracer techniques.[@b1] By the 1960s, the pathway was well delineated, allowing predictions of the specific enzyme deficiency associated with each of the porphyrias.[@b2] The predictions were confirmed initially with assay of the individual enzymes, then by deoxyribonucleic acid (DNA) analysis of the relevant genes.

Studies of heme physiology proceeded in parallel with clinical genetics. The bone marrow was long understood as a major site of heme synthesis, largely for hemoglobin production. Work starting in the 1960s showed that the liver was another active producer of heme, mainly for the cytochrome P450 (CYP) family of heme proteins, which mediate the inactivation and elimination of many drugs. CYP induction was demonstrated in rodents given drugs that are metabolized by this group of cytochromes.[@b3] It was shown also that the initial enzyme of the pathway, delta-aminolevulinic acid (ALA) synthase (ALAS), is subject to feedback regulation by heme ([Fig. 1](#f01){ref-type="fig"}), which led to the hypothesis that the acute porphyrias represent a state of relative or actual heme deficiency in hepatocytes. This became the rationale for treatment of acute porphyria by hemin\* infusion, starting in 1971.[@b4] Given the rarity of acute attacks of porphyria, safety and efficacy information built slowly, case by case. By the late 1980s, however, a consensus existed, and a commercial formulation was developed (Panhematin^®^). It was the first therapeutic approved under the U.S. Orphan Drug Act of 1983.

![The pathway of heme synthesis and the enzymes mediating specific steps.\
The building blocks of heme are succinyl CoA and glycine, which combine to form delta-aminolevulinic acid (ALA), the first committed intermediate of the pathway. ALA synthase is encoded by two distinct genes: ALAS2 in the bone marrow and ALAS1 elsewhere, including the liver (see text). The second step involves condensation of two molecules of ALA to form porphobilinogen (PBG), the pyrrole subunit of the heme ring. Four PBGs are linked initially in a linear tetrapyrrole, hydroxymethylbilane, which cyclizes to form the initial porphyrin of the pathway, uroporphyrinogen (UROgen). The sequential conversion of UROgen to coproporphyrinogen (COPROgen) and finally to protoporphyrinogen (PROTOgen) involves successive removal of peripheral carboxyl groups. The dashed arrow indicates that the end-product, heme, exerts feedback regulation on the formation of ALA, the initial committed intermediate. The gene symbols for the pathway enzymes are noted in [Table 1](#t01){ref-type="table"}.\
ALA, delta-aminolevulinic acid; PBG, porphobilinogen; URO, uroporphyrin; COPRO, coproporphyrin; PROTO, protoporphyrin.](JCTH-3-017-g001){#f01}

Pathway of heme synthesis {#s2}
=========================

The initial intermediates, ALA and porphobilinogen (PBG), are water soluble. The porphyrins, from uroporphyrin (URO) to protoporphyrin (PROTO), are increasingly lipophilic as a result of successive decarboxylation. The differences in chemical properties are reflected in their routes of excretion. The water-soluble intermediates, including URO, appear exclusively in urine. Coproporphyrin, with four carboxyl groups (four fewer than uroporphyrin), is cleared by both the liver and the kidneys. The final porphyrin in the pathway, PROTO with two carboxyl substituents, is highly lipophilic and not detectable in urine. It is taken up by the liver, excreted into bile, and eliminated in feces. The heme pathway normally is highly efficient, with only a minute fraction of the total precursor flux leaving the pathway to undergo excretion.

Regulation of heme and porphyrin synthesis {#s3}
==========================================

Each step in heme synthesis is catalyzed by an individual enzyme, which vary in their capacity. The rate-limiting step for the pathway as a whole is the formation of ALA, which is catalyzed by ALAS ([Fig. 1](#f01){ref-type="fig"}). Two forms of ALAS exist and are distinct gene products.[@b5] One is present in all tissues except the bone marrow, is particularly active in the liver (for CYP production), and is known as ALAS1 (human chromosome 3). The erythroid form, ALAS2, is on the X chromosome and serves hemoglobin synthesis. Hepatic ALAS1 is produced in the cytosol. It then translocates into mitochondria where ALA is formed. When hemin is administered for an attack of acute porphyria, it expands the intracellular regulatory heme pool in hepatocytes, activating feedback inhibition of ALAS1 ([Fig. 1](#f01){ref-type="fig"}) and reducing the flow of ALA and subsequent precursors into the pathway.[@b6] Conversely, when circumstances call for an increase in hepatic CYP (for example, after administration of an inducing medication), the intracellular heme pool becomes depleted. This lifts the feedback inhibition of ALAS, allowing the flow of heme precursors to increase. In most individuals with an inherited defect in heme synthesis, the capacity of the pathway appears to be sufficient for homeostatic heme replacement. In some, however, it is inadequate for meeting a demand for increased production. In the latter situation the result is hyperinduction of ALAS and, often, symptoms of acute porphyria. It should be noted that the erythroid form, ALAS2 is regulated by iron rather than heme and is not affected by inducers of ALAS1. Thus, the acute porphyrias involve nonerythroid tissues exclusively and, of the latter, mainly the liver because of its high concentration of microsomal cytochromes.

Genetics of porphyria {#s4}
=====================

Three of the acute hepatic porphyrias (acute intermittent porphyria (AIP), hereditary coproporphyria (HCP), and variegate porphyria (VP)) are autosomal dominant disorders, affecting males and females equally. A fourth type, delta-aminolevulinic aciduria (ALAD), is autosomal recessive and very rare.[@b7] For the three dominant types, family studies with DNA analysis have indicated multiple mutations.[@b8]--[@b10] For AIP, 391 distinct mutations in hydroxymethylbilane synthase (HMBS) have been reported as of November 2014; for HCP, the number of coproporphyinogen oxidase (CPOX) mutations is 65; and for VP, the number in protoporphyrinogen oxidase (PPOX) is 177 (Human Gene Mutation Database (HGMD)-Biobase^®^). While enzyme activity varies with the nature of the mutation, on average it is roughly 50% of normal. Efforts to associate specific mutations with clinical manifestations have been largely negative.[@b11], [@b12] Regardless of genotype, the vast majority (perhaps 90%) of confirmed genetic carriers never experience an attack. In families with multiple documented genetic carriers, symptoms often are limited to one or two individuals. This highlights the importance of environmental, metabolic, and genetic cofactors in the pathogenesis of acute attacks.[@b13]

Acute porphyria exists in all ethnic and racial groups, worldwide. For reasons of isolation in the past, northern Scandinavia and South Africa have an unusually high prevalence of AIP and VP, respectively. Consistent with a founder effect, the number of discrete mutations in these populations is limited.[@b14] In South Africa, VP was introduced by a Dutch settler arriving in 1688 and now affects approximately 20,000 people, of whom more than 90% carry the R59W mutation.[@b15]

Heme precursor patterns in acute porphyria and genetic diagnosis {#s5}
================================================================

[Fig. 1](#f01){ref-type="fig"} shows the profile of heme precursors in urine or feces for the four hepatic porphyrias. The pattern is distinctive for each type, reflecting the step that is genetically altered. The route of precursor excretion (urine or bile/feces) reflects the relative lipophilicity of the individual precursors, as noted above. Before the advent of genetic analysis, the enzymatic defect for each of the porphyrias was predicted from these patterns and confirmed by assays of enzyme activity. In AIP, the altered gene product, HMBS (also known as PBG deaminase or uroporphyrinogen-1 synthase), exists in two forms, which arise by alternative splicing of the primary transcript; the erythroid HMBS gene transcript lacks exon 2 of the hepatic transcript.[@b16] Because the enzyme is cytosolic, it persists in erythrocytes.[@b17] A commercial blood test was developed, which is used together with urine tests to diagnose AIP. Its main shortcoming is partial overlap of the normal and deficient ranges.[@b18] Also, it yields a false-negative result when the HMBS mutation is in exon 2, which the erythroid-specific transcript lacks. Finally, sample handling problems may allow decay of the activity and a false-positive result. Overall, the HMBS assay identifies about 80% of AIP carriers. Enzyme tests for HCP (CPOX) and VP (PPOX), respectively, are not available commercially. An assay for CPOX in whole blood was offered in the 1990s but resulted in many false-positive results and ultimately was discontinued.[@b19]

Assessment of the biochemical profile remains the primary method for evaluating the type of acute porphyria in an individual case, but a new diagnosis should be confirmed by mutation analysis of the suspect gene. With current methods, the genetic lesion can be defined in \>95% of cases.[@b20] Given that many asymptomatic carriers exhibit no biochemical signs, DNA analysis is the most effective screening method when the family mutation is known, and it can be performed with a small sample -- buccal brushing or saliva. For reasons of cost, it is not recommended for individuals whose symptoms are suggestive of porphyria but whose urinary and fecal biochemistry is normal or nondiagnostic. The number of positive results will be exceedingly low, and finding a mutation does not mean that porphyria is the cause of the patient\'s complaints in the absence of abnormal urine biochemistry.

Classification of porphyrias {#s6}
============================

The porphyrias are grouped according to their predominant manifestation (neurologic or cutaneous) and the tissue that is the main source of porphyrin overproduction (liver or bone marrow) ([Fig. 2](#f02){ref-type="fig"}; [Table 1](#t01){ref-type="table"}). The liver gives rise to the four acute neurovisceral porphyrias and to porphyria cutanea tarda, a relatively common cutaneous porphyria. The erythron is the source of porphyrin overproduction for two cutaneous porphyrias, congenital erythropoietic porphyria and protoporphyria. In cutaneous porphyria, porphyrins in the skin undergo activation by light in the blue spectrum, not UV (peak excitation 410 nm under physiological conditions).

![The profile of heme precursors in excreta for each of the hepatic porphyrias.\
The dashed vertical lines indicate the point at which an inherited enzyme deficiency compromises the flow of precursors. For the specific enzymes affected and key to abbreviations, see [Fig. 1](#f01){ref-type="fig"}. \[Not shown: The respective patterns for ALAD (very rare, homozygous recessive acute porphyria), congenital erythropoietic porphyria (rare recessive cutaneous porphyria), and protoporphyria (recessive cutaneous porphyria, in which \~5% of cases have liver disease from protoporphyrin deposition.\]](JCTH-3-017-g002){#f02}

###### Classification of the porphyrias

  Name (abbreviation and MIM phenotype \#)            Mutated gene (symbol)                                            Acute neurovisceral symptoms   cutaneous symptoms
  --------------------------------------------------- ---------------------------------------------------------------- ------------------------------ --------------------
  Delta-aminolevulinic Aciduria (ALAD, 125270)        ALA dehydratase[\*](#nt101){ref-type="table-fn"} (ALAD)          +++                            0
  Acute Intermittent Porphyria (AIP, 176000)          Hydroxymethylbilane synthase (HMBS)                              +++                            0
  Congenital Erythropoietic Porphyria (CEP, 263700)   UROgen III synthase[\*](#nt101){ref-type="table-fn"} (UROS)      0                              +++
  Porphyria Cutanea Tarda (PCT, 176100)               UROgen decarboxylase[\*\*](#nt102){ref-type="table-fn"} (UROD)   0                              \+
  Hereditary Coproporphyria (HCP, 121300)             COPROgen oxidase (CPOX)                                          ++                             \+
  Variegate Porphyria (VP, 176200)                    PROTOgen oxidase (PPOX)                                          ++                             \+
  Erythropoietic Protoporphyria (EPP, 177000)         Ferrochelatase[\*](#nt101){ref-type="table-fn"} (FECH)           0                              ++
  X-Linked Protoporphyria (XLP, 300752)               ALA synthase-2 (ALAS2)                                           0                              ++

ALAD and CEP are autosomal recessive diseases and very rare. EPP is recessive but more prevalent than ALAD or CEP. In most individuals, one ferrochelatase allele carries a structural mutation while the other has a common 'hypomorphic' mutation with a variable (often minor) effect on gene expression. The latter mutation by itself causes no disease, even when homozygous. The other porphyrias are dominantly inherited, with variable penetrance.

20--25% of individuals with PCT have a mutation in the UROgen decarboxylase gene. The remainder are said to have 'sporadic' PCT. In the latter group, hepatic UROgen decarboxylase protein is normally abundant, but its activity is low. Studies have pointed to uroporphomethene, a product of UROgen oxidation, as a possible inhibitor.[@b54]

Prevalence of acute hepatic porphyria {#s7}
=====================================

The prevalence of AIP has been estimated at 5--10 cases per 100,000. However, this is based largely on people with symptoms, who represent only a small fraction of those who carry a relevant mutation and are at risk of an attack. In one study of mutation prevalence from France, 3,350 healthy blood donors were screened for HMBS (PBG deaminase) deficiency. The test was positive in four, and a known AIP mutation was documented in two.[@b21] Thus, the prevalence of mutations in this group was at least 1:1,675 (60:100,000) -- far larger than is generally assumed. Another study from northwestern Russia (St. Petersburg) and Finland screened patients who were admitted to a neurology ward with acute polyneuropathy or encephalopathy and abdominal pain. Out of 108 patients, 11% proved to have previously undiagnosed acute porphyria.[@b22] While these studies are small, they suggest that people coming to an Emergency Department (ED) with recent onset abdominal pain may have a mutation for AIP more often than is generally assumed.[@b23]

Pathophysiology of neurovisceral pain in acute porphyria {#s8}
========================================================

The metabolic changes underlying acute porphyria have been well-delineated for more than 40 years, yet for most of that time their role in the pathogenesis of neurovisceral attacks has been unclear. Research has focused on two hypotheses that are not mutually exclusive. The first is heme deficiency, which could directly affect neuronal function in that these cells, like hepatocytes, require heme for synthesis of essential heme proteins. One such protein is tryptophan pyrrolase, which has a relatively low affinity for heme but requires it for enzymatic activity. When heme is scarce, the activity drops, potentially shifting tryptophan metabolism from the kynurenine pathway to 5-hydroxytryptamine (serotonin), a neurotransmitter. Although certain aspects of acute porphyria suggest a serotonergic state, human data to confirm this postulate are lacking.[@b24]

The second hypothesis concerns neuropathological effects of ALA and/or PBG, both of which increase with ALAS1 induction. Experimental models have shown that ALA generates oxidant stress, implying potential for direct neurotoxicity.[@b25] Recent clinical observations have further implicated ALA in the symptoms of acute attacks. Two other diseases, hereditary tyrosinemia and lead poisoning present with neurovisceral symptoms that closely resemble those of acute porphyria. Both conditions perturb heme synthesis by partially inactivating ALA dehydratase, causing selective overproduction of ALA but not PBG.[@b26]--[@b28] In 2005, selective reduction of PBG levels in people with porphyria was explored by administering recombinant human PBG deaminase (Porphozyme^®^). Phase 1 studies of asymptomatic patients with AIP demonstrated a rapid drop in PBG after a single dose of the medication, followed by a return to baseline after 12 h.[@b29] In unpublished studies of patients with symptoms, the drug had no effect, although the frequency of dosing and total duration of treatment probably were suboptimal. In 2004, the first liver transplant was performed for a patient with severe recurrent attacks, chronically high ALA and PBG and apparent resistance to intravenous hemin. The ALA and PBG normalized within a few days after the surgery, and the symptoms resolved.[@b30] Taken together, these data implicate ALA as the pathogenic molecule in acute porphyria.

The acute attack -- clinical manifestations {#s9}
===========================================

The symptoms individually are nonspecific but in aggregate may suggest the diagnosis ([Table 2](#t02){ref-type="table"}). Attacks occur mainly in females age 15 to 45. They are rare prior to menarche and become less likely after menopause. The most common symptom is abdominal pain, which is usually diffuse. In some patients, it is localized to the back or an extremity. By the time the patient is seen, pain has increased relentlessly for several days, not hours, often accompanied by nausea, vomiting, and constipation. Fever and leukocytosis are not present in the absence of an accompanying infectious process. Mild elevation of the transaminases is common. Hyponatremia may be seen and occasionally is severe. Because patients tend to present dehydrated after several days of nausea and inadequate oral intake, hyponatremia may be masked initially by hemoconcentration but can develop rapidly after rehydration with dextrose in water. The pathophysiology is debated. In some cases it appears to be a form of inappropriate ADH secretion (syndrome of inappropriate antidiuretic hormone secretion (SIADH)) due to pituitary central nervous system (CNS) dysfunction; urine osmolarity can be high, consistent with SIADH. In others, hypovolemia may be the underlying problem.

###### Typical presentation of acute hepatic porphyria

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------
  Female, age 15--45, demanding pain medication
  Abdominal or back pain of increasing severity over \>2 days, poorly localized by exam
  Nausea, unable to take anything by mouth
  Generalized seizure (present in 10--20%)
  No fever or leukocytosis
  Investigation: hyponatremia and mildly elevated transaminases (not present in all cases); negative pregnancy test; negative abdominal imaging except for ileus
  Previous ED presentation with similar symptoms, without a specific diagnosis
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------

In an attack that has not been recognized and treated, acute visceral symptoms may progress to motor neuropathy, which is manifested initially as weakness of the proximal limb muscles but in advanced cases the respiratory muscles as well. Seizures occur in 10--20% of cases. Patients presenting with seizure represent a difficult challenge for the consulting neurologist. If acute porphyria is not considered, the treatment may include medications such as phenytoin or valproic acid, which intensify the attack with potentially disastrous results.[@b31] For this reason, early diagnosis is critical, followed by definitive treatment with intravenous hemin (Panhematin^®^ or Normosang^®^, Recordati Rare Diseases).[@b32], [@b33] Seizures in acute porphyria can be controlled with a short-acting benzodiazepine, gabapentin, or magnesium.[@b34]--[@b36] For a patient with refractory seizures, anesthesia with propofol is safe.[@b37], [@b38]

Biochemical diagnosis of acute porphyria {#s10}
========================================

In all three autosomal dominant acute porphyrias, attacks are accompanied by a clear increase in PBG ([Fig. 2](#f02){ref-type="fig"}), which, for convenience, is generally assessed in urine rather than blood. In active AIP, the type most commonly associated with acute attacks, the PBG is at least 10-fold the upper limit of normal, more typically 20- to 100-fold. A urine PBG of \>50 mg/g creatinine (normal \<2) in a patient with pain symptoms of unknown cause is highly specific for the diagnosis; occasional genetic carriers have PBG levels in this range even when feeling well and thus represent false-positive cases. While this is unusual, it highlights the importance of having baseline information from urine samples that are collected when the patient is feeling well. ALA should be evaluated at the same time to identify cases of lead poisoning, which can mimic acute porphyria. It would also identify the rare individual with ALA dehydratase deficiency.

For people who are known carriers of a porphyria mutation, determining whether symptoms represent a porphyria exacerbation or are due to a more common problem can be a diagnostic challenge. In those with recurrent attacks, the pattern of symptoms is largely reproduced with each episode, but urine PBG still should be evaluated for biochemical confirmation. A random urine sample is adequate, provided a urine creatinine is obtained, so that results can be expressed per gram creatinine. The sample should be collected prior to intravenous (IV) fluid resuscitation. If it is very dilute, it could yield a false-negative result.

Diagnosis in the ED - the importance of urine PBG {#s11}
=================================================

People having a first attack of acute porphyria generally present to an ED. Because the diagnosis has important implications for management, it should be made as early as possible, ideally while the patient is in the ED. However, rapid or urgent determination of urine PBG is rarely available. The consequences for patient management are illustrated by the following case:

A woman, age 24, with no prior medical history presented to the ED of her community hospital with abdominal pain, nausea, and vomiting for the previous 4 days. The initial evaluation was negative, including physical exam, urine drug screen, and pregnancy test. A resident physician listed acute porphyria in the differential diagnosis and ordered a urine PBG. Further workup with complete laboratory tests, imaging, and endoscopy was negative. Endometriosis was considered but discarded because of the atypical presentation and lack of findings. In light of the patient\'s continuing demand for pain medication and lack of convincing physical findings, a psychiatric diagnosis was favored. She was managed symptomatically with opiates and antiemetics. After 10 days, she was felt to be improved and was discharged, still on pain medication. At home, her pain was poorly controlled, and after 3 days she returned to the ED. Coincidentally, the previously ordered urine test came back showing a markedly elevated PBG (176 mg/g creatinine; reference range \<2). She was readmitted and given IV hemin daily for 4 days with complete resolution of symptoms.

Typically, acute porphyria is considered only after a patient has made several visits to the ED.[@b23] In this case, it was on the list of possible diagnoses, and urine PBG was ordered. However, the turnaround time for the outside laboratory was 2 weeks. This essential information, therefore, was missing for the duration of the patient\'s initial hospitalization. Fortunately, the illness did not progress to neurological complications while the lab report was pending.

The need for a rapid PBG test was recognized in the 1940\'s, and qualitative assays using Ehrlich\'s reagent were developed for ED staff.[@b39]--[@b41] With implementation of the U.S. Clinical Laboratory Improvement Amendments (CLIA) in 1992, however, the rapid tests were deemed moderately complex, and their use was restricted to trained laboratory personnel. The CLIA legislation coincided with the rise of large commercial laboratories, which could offer specialty tests, such as those for porphyria, at a cost well below that of an individual hospital. Contracts were signed. In the transfer, however, only the routine quantitative PBG was retained. Today, none of the large U.S. reference labs provides a rapid test (website information from Quest, LabCorp, Mayo, ARUP, PAML (Spokane, WA, USA), TriCore, Lenco, and PeaceHealth). A PBG Kit was developed, which is a variation on the column method.[@b42] Initial reports have indicated that it is superior to the Watson-Schwartz and its variations.[@b43], [@b44] However, these were small studies, and its performance characteristics remain unknown. The test is likely to overcome the limitations of the older qualitative tests in both sensitivity and specificity.

What is needed is a standard quantitative test that is available on an urgent or expedited basis. The concern of the laboratories is the cost of providing a service that may be requested only occasionally. However, the actual cost per positive test of implementing rapid PBG screening is unknown, because very little information exists on the prevalence of acute porphyria in the urgent care setting. An analysis from the Mayo Clinic concluded that a rapid PBG test would be cost-effective.[@b45] While additional studies are needed, it should be noted that the cost of a delayed diagnosis is also high: multiple unnecessary procedures, prolonged hospitalization, and treatment for an erroneous diagnosis, including intensive care unit (ICU) care for those in neurological crisis.

Missed diagnosis and misdiagnosis {#s12}
=================================

In the urgent care setting, porphyria is often overlooked as a diagnostic possibility, because the symptoms are those of far more common conditions.[@b23] When the initial screening tests for the common conditions are negative, patients usually are discharged with a diagnosis of viral gastroenteritis, irritable bowel syndrome, addiction withdrawal, or psychosomatic pain. A recent study of U.S. patients with genetically confirmed acute porphyria found that the diagnosis was delayed by an average of 15 years from the onset of symptoms (as defined by the patient).[@b46] The case presented above is unusual, in that a perceptive resident physician thought of the diagnosis and ordered the correct test, a urine PBG.

Misdiagnosis also occurs but in the outpatient rather than the ED. It arises when the gamut of tests and procedures has failed to identify a reason for the patient\'s chronic abdominal pain. Rare diseases then come under consideration, and a porphyrin screen is ordered. The latter consists of fractionated urine porphyrins only; it does not include ALA and PBG, which must be ordered separately. In some cases, the report shows elevation of several porphyrin fractions, predominantly COPROs. Although the changes are quantitatively minor (2- to 4-fold the upper limit of normal) and well below the threshold for symptoms for cutaneous porphyria, the patient receives a diagnosis of porphyria and feels relief at having, at last, a name for the recurring symptoms. Unfortunately, elevation of urinary porphyrins in this range is nonspecific. If the PBG is normal, the porphyrin changes do not signify acute porphyria. They are seen most often in liver disease (of any cause, not necessarily severe) as well as in neurological and hematological problems. If a PBG has not been done, the patient should be instructed to collect a urine sample during a period of active symptoms. The timing is important because in carriers of a gene for acute porphyria, the PBG may be normal when the patient is symptom-free.

The number of people who have been misdiagnosed and believe, erroneously, that they have acute porphyria far exceeds those with a confirmed diagnosis. When they come to an ED, very few will have documentation of their diagnosis. In this situation, a rapid PBG would be definitive but, as discussed above, is not available. Although neurological complications are not a concern in this group, a test that excludes acute porphyria would redirect attention to other possible causes of the patient\'s complaints and potentially avoid an expensive and unproductive hospitalization.

Treatment of acute porphyria {#s13}
============================

Initial management is focused on eliminating factors that may be contributing to an attack, including inducer medications, caloric deprivation, and dehydration ([Table 3](#t03){ref-type="table"}). Medications considered risky for genetic carriers of acute porphyria and all nonessential medications are discontinued. The American Porphyria Foundation (APF) and the European Porphyria Network (EPNET) maintain lists of drugs that are considered safe or hazardous. If possible, calories and rehydration are administered orally to reverse the fasting state; otherwise, 10% dextrose in 0.45% normal saline is administered IV. Although this therapy has not been tested in controlled trials, it does stop the attack for some patients. Hyponatremia may be severe, requiring urgent saline administration. A protocol that minimizes the risk of brainstem damage should be followed.[@b47] Pain relief generally requires opiates, often in large doses, while waiting for porphyria-specific therapy to take effect (see below).

###### Protocol for Panhematin^®^ infusion

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Order five vials of Panhematin^®^ (Recordati Rare Diseases Inc, USA)
  Establish IV access using either a large peripheral vein or a central line
  Determine the patient\'s total dose of Panhematin^®^, based on 3--4 mg/kg body weight. Each vial contains 313 mg with a concentration of 7 mg/mL after reconstitution. *Example*: a woman of 70 kg will receive 250 mg or 35 mL of the freshly prepared solution.
  At the bedside, add sterile water to the powder in the vial and agitate gently for 2 minutes. The liquid is black. Withdraw the volume not needed for the patient, and discard it. Without further delay, begin infusing the remainder of the vial using a line with a filter to capture any particles. The infusion rate is 1--1.5 mL per minute.
  At the end of the infusion, flush the line with normal saline.
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

IV hemin (Panhematin^®^ or Normosang^®^) is the only specific therapy, to date, for an acute attack. The first patient to receive hemin, in 1971, was terminally ill with multiorgan failure.[@b4] The treatment did not affect her course but did reduce serum ALA and PBG, encouraging additional trials in patients whose acute attacks were not responsive to carbohydrate administration.[@b32], [@b48], [@b49] Current practice is to use the medication early, with the goal of preventing progression to neurological complications. Most hospital pharmacies do not stock it, but the distributor will provide it by overnight air express (for details, see the web site of the American Porphyria Foundation: [www.porphyriafoundation.com](http://www.porphyriafoundation.com)).

The clinical response to hemin infusion is not immediate. It becomes apparent 3 to 4 days after starting, when the patient experiences complete relief of pain and analgesics can be discontinued without a taper.[@b49] Patients having recurrent attacks may request opiates to take at home because of anxiety about the next one. They should be advised that opiates will not prevent an attack and are indicated only for covering pain while waiting for specific therapy. The emphasis should be on active management with prophylactic hemin and the other measures described below.

Hemin infusion has some pitfalls that should be kept in mind. Particularly important is the instability of the solution. The commercial preparation, Panhematin^®^, is a dry powder with a shelf life of several months, which is reconstituted with sterile water immediately prior to use. In liquid form, it decays to an inactive product with a half-life of less than 4 h at room temperature (slightly longer at 4 °C).[@b50], [@b51] It cannot be stored or reused. The biological activity of IV hemin is assessed by serial measurement of urinary PBG. A drop in PBG after 2 days of infusion to less than 20% of the pretreatment level confirms that the hemin was active.

The procedure for hemin infusion is outlined in [Table 3](#t03){ref-type="table"}. A large peripheral vein or a central line is required. The solution is slightly alkaline and can cause a painful phlebitis if infused into a small vein. The powder is reconstituted with sterile water, preferably at the bedside to avoid a delay in starting the infusion. In some centers, hemin is reconstituted with human albumin,[@b52] which reduces the risk of phlebitis but does not affect decay of the compound. In Europe and South Africa, heme arginate (Normosang^®^) is available. It is stable in 40% 1,2-propanediol and 10% ethanol, and its efficacy is similar to that of Panhematin.[@b53] Oral hemin is ineffective.[@b32]

The second pitfall is giving hemin when acute porphyria is not the diagnosis (see above: "Biochemical Diagnosis"). Some of the reported treatment failures may have been due to misdiagnosis. In a study of hemin infusion and a controlled trial of heme arginate, the patients clearly had acute porphyria, and both medications produced convincing decreases in ALA and PBG, but a symptomatic response was not seen consistently.[@b54], [@b55] In such patients, the symptoms may be due to something other than acute porphyria or related to previous neurological injury, which is not responsive to hemin.[@b56] In well-characterized acute attacks treated with hemin that has been handled correctly, the clinical response is sufficiently predictable and striking that it may serve as a diagnostic test. If four days of infusion have little or no effect on symptoms (despite a drop in urine PBG), causes other than acute porphyria should be considered.[@b49]

Chemical phlebitis has been seen in approximately 4% of infusions of Panhematin^®^ without albumin;[@b48] it is less of a problem with Normosang but still occurs.[@b55] It can be avoided by use of a slow infusion rate and a central line. Adverse effects other than phlebitis are infrequent. An accidental overdose produced transient renal failure in one patient.[@b57] An overdose of heme arginate in another patient led to acute liver failure requiring urgent transplant.[@b58] One case of an anaphylactic reaction to heme arginate has been reported, possibly involving the propanediol component.[@b59] Anticoagulant effects, prolonged prothrombin time and reduced platelets, have been reported.[@b60], [@b61] The abnormalities were transient and have not been linked to clinically significant bleeding. Nonetheless, caution is recommended when administering hemin to a patient with impaired coagulation or a bleeding tendency. Finally, iron accumulation can be seen. A typical 200 mg dose of hemin contains about 17 mg of iron, which is released during conversion of heme to bile pigment, largely in hepatocytes. Patients receiving long-term prophylactic hemin are at risk of hepatic iron overload. The problem can be tracked with a serum ferritin every 6--12 months and treated as needed with phlebotomy or an oral chelator, to bring the serum ferritin below 500 ng/mL.

Management of frequent attacks {#s14}
==============================

In a few cases, which fortunately are uncommon, attacks become frequent and persist for many months or a few years. Their periodicity varies. Most cases are in women, and in some the symptoms occur monthly, 2--4 days prior to menstruation. Ovulatory suppression with a gonadotropin releasing hormone analog may be helpful.[@b62], [@b63] Oral contraceptives are generally avoided because of their association with acute attacks in some users (probably due to the progestational component). When attacks are frequent and predictable, the mainstay of treatment is prophylactic hemin infusion at an interval providing reasonable control of symptoms.[@b13], [@b64] For some patients, a single monthly infusion is effective. For others, one to three infusions per week may be needed.

When symptoms progress with neurological involvement despite ovulatory suppression and/or prophylactic hemin, liver transplant becomes a consideration. The first, performed in 2004, appeared to be curative.[@b30] It was followed by another dozen cases with similar results,[@b65] including one in the U.S. at Mt. Sinai Medical Center, New York City (R.D. Desnick, personal communication). A cautionary note has come from the British experience, which found an unusually high incidence of post-transplant hepatic artery thrombosis (4 of 10 cases arising 3 days to 9 months after transplant).[@b66] The 40% rate of this complication contrasts with a rate of 3--5% for liver transplant as a whole. An AIP liver has been placed in a patient without other possibilities for transplant and caused symptoms suggestive of acute porphyria.[@b67] The optimal timing of liver transplant is an unresolved issue.[@b68] Recurring attacks cease spontaneously but unpredictably, and their frequency decreases as women enter menopause. Thus, premature liver transplant is a concern. On the other hand, patients who become severely disabled by neuropathy (on a respirator and/or receiving high doses of opiates) may be denied transplant, for reasons of difficult postsurgical management and increased mortality. Longitudinal study of individuals with frequent acute episodes is needed.

Molecular therapies are being developed at the present time. One strategy is ribonucleic acid interference (RNAi) to knock down ALAS1 mRNA. The objective is to reduce the overproduction of ALA that may cause symptoms in acute porphyria.[@b69] Gene replacement therapy directed at hydroxymethylbilane synthase (PBG deaminase) deficiency also is being explored.[@b70] Early human studies are under way for both of these approaches.

Prognosis {#s15}
=========

Fifty years ago, the outlook for acute porphyria with neurological complications was poor, with a reported mortality of 35%.[@b71] Although the prognosis remains guarded, the number of cases progressing to advanced disease has declined, as a result of heightened awareness, early identification of genetic carriers, and specific therapy in the form of hemin infusion.[@b72], [@b73] In patients with neuropathy who respond to treatment, motor deficits resolve slowly but usually completely, over an average of 10--11 months.[@b71]

Because the manifestations of an attack can include an altered mental state, there has been speculation that people with undiagnosed acute porphyria may be institutionalized for psychiatric reasons. One study indeed found an unexpectedly high prevalence of elevated urine PBG in residents of a mental health facility,[@b74] albeit without symptoms suggestive of acute porphyria. When the question was reexamined, abnormal tests were no more frequent than expected.[@b75] In patients with known porphyria who have been monitored long-term, to date there has been no evidence for excess chronic mental illness.[@b76]

Other late complications of acute porphyria, however, have been documented, including renal insufficiency,[@b77], [@b78] subclinical liver disease, and primary liver cancer.[@b79]--[@b82] The pathogenesis is being evaluated currently but may be related to chronically elevated blood ALA. If this is correct, genetic carriers with normal urine biochemistry are not at risk for these complications. The risk of liver cancer appears to be age-related and probably is higher in those with ongoing liver injury (as indicated by elevated transaminases) than in those with a completely normal liver panel and abdominal imaging. Currently, annual screening with liver imaging, such as ultrasound, and serum alpha-fetoprotein is recommended for known genetic carriers older than age 50.

Conclusions {#s16}
===========

This review focuses on recent progress in the pathophysiology, diagnosis and treatment of the acute hepatic porphyrias. The need for rapid diagnosis of patients presenting with acute porphyria is highlighted.
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The term *heme* denotes iron-protoporphyrin-IX without respect to the oxidation state of the iron moiety (ferric vs. ferrous). Heme extracted from blood is ferriheme, or *hemin*, with a chloride counter-ion. Solubilization of hemin for infusion requires a mildly alkaline buffer in which chloride is replaced by hydroxyl ion. In this form, the chemical is termed *hematin*.

AIP

:   acute intermittent porphyria

ALA

:   delta-aminolevulinic acid

ALAD

:   delta-aminolevulinic dehydratase

ALAS

:   delta-aminolevulinic acid synthase

APF

:   American Porphyria Foundation

CLIA

:   Clinical Laboratory Improvement Amendments

CNS

:   central nervous system

COPRO

:   coproporphyrin

CPOX

:   coproporphyinogen oxidase

CYP

:   cytochrome P450

DNA

:   deoxyribonucleic acid

ED

:   Emergency Department

EPNET

:   European Porphyria Network

GnRH

:   gonadotropin releasing hormone

HCP

:   hereditary coproporphyria

HGMD

:   Human Gene Mutation Database

HMBS

:   hydroxymethylbilane synthase

ICU

:   intensive care unit

IV

:   intravenous

PBG

:   porphobilinogen

PPOX

:   protoporphyrinogen oxidase

PROTO

:   protoporphyrin

RNAi

:   ribonucleic acid interference

SIADH

:   syndrome of inappropriate antidiuretic hormone secretion

URO

:   uroporphyrin

VP

:   variegate porphyria
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